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1 Introduction
This document is to collect companies’ views and to provide a summary of the following email discussion:
[97bis#23][NR/UP] – PDCP PDU format – Huawei
-	Discuss whether DC and P field is needed in all cases or just in some cases (like in LTE)
-	Discuss the principle for the PDCP control PDU format
-	Outcome: produce a complete PDU format proposal
- 	Deadline:  27/04/2017

The following agreements regarding NR PDCP have been made in RAN2#97bis.
Agreements on PDCP recovery
=>	Some PDCP recovery mechanism based of PDCP status report is supported at least for the handover case and DC.  FFS if there are other cases in which this may be performed.  

Agreements on PDCP  PDU format
-	PDCP SN length should be up to at least up 18 bits (for data bearer). FFS if there are use cases in which larger value is needed and which value for AM/UM.
-	PDCP SN length 12 bits is supported for RLC UM and AM and for both DRB(s) and SRB(s)
-	LTE PDCP PDU format for DRBs will be the reused 

Agreements on jumbo frames:
-	NR should support jumbo frame (9KB) 	
-	FFS NR UE can support super jumbo frame (65KB) and is optional. 

Agreements :
-	PDCP reordering should always enabled for SRBs
-	PDCP duplicate discarding should be done at least when duplication is enabled for SRBs/DRBs(s).

Agreements on PDCP reordering
-	A unified re-ordering schemes is used for DRB(s)/SRB(s) and UM and AM, with LTE as baseline.  
-	It is desirable to disable PDCP reordering.  FFS how to signal it 
-	Use First Missing COUNT (FMC) instead of FMS in the PDCP Status Report.
 
Agreements on PDCP discard
-	PDCP SDU is discarded upon the expiry of PDCP discard timer.
-	PDCP SDU is discarded when successful delivery is confirmed by PDCP status report.

2 Discussion
PDCP Data PDU format
The existing LTE PDCP data PDU formats for SRBs and DRBs are as below. Some PDCP data PDU formats (i.e. 15bits and 18bits SN) are only applicable to RLC AM in LTE.


Figure 6.2.2.1: PDCP Data PDU format for SRBs


Figure 6.2.3.1: PDCP Data PDU format for DRBs using a 12 bit SN


Figure 6.2.4.1: PDCP Data PDU format for DRBs using 7 bit SN


Figure 6.2.9.1: PDCP Data PDU format for DRBs using a 15 bit SN
Figure 6.2.11.1 shows the format of the PDCP Data PDU when an 18 bit SN length is used. This format is applicable for PDCP Data PDUs carrying data from DRBs mapped on RLC AM. The UE not supporting LWA shall consider the PDCP Data PDU invalid if the P bit is set to 1.


Figure 6.2.11.1: PDCP Data PDU format for DRBs using an 18 bit SN
 D/C field
It can be seen that in LTE D/C field is only used in PDCP formats for DRBs but not for SRBs, as PDCP control PDUs (i.e. status report and ROHC feedback) are not applicable to SRBs.
Question 1: Whether the D/C field is needed in PDCP PDU formats for SRBs in NR?
	Companies are invited to provide views below for Question 1

	Companies
	Answer (Yes/No)
	Comments if any

	LG
	Yes
	The D/C field is not essential for SRBs. However, in order to use a single PDCP Data PDU format regardless of RB type, we prefer to use the D/C field also for SRBs. Note that there is no harm to have D/C field for SRBs.

	Nokia
	No
	We don’t see any need for the D/C field for SRB. PDCP Data PDU format for SRB is anyway different since it includes MAC-I for integrity protection. On the other hand, this depends on the outcome of the duplication discussion and the decision on D/C field should be postponed.

	Broadcom
	No
	

	Qualcomm
	No
	The D/C field is not needed.

	Huawei, HiSilicon
	Yes/No
	No strong view. Let us see if companies have strong desire for a common design of DRB and SRB.

	Ericsson
	Yes
	It may not be essential to have D/C field for SRB if there is no use for such field. The D/C field could be useful in case where PDCP control messages are carried over SRB. Currently the PDCP control PDU data carried on DRB is related to UP data (i.e. PDCP status report, Interspersed ROHC feedback packet, LWA status report, PDCP duplication) and having control PDUs for SRB could be useful.

	Intel
	Yes/No
	We don’t have strong view here. So far, for SRB, there seems to be no usage case for the D/C field. On the other hand, there is no additional overhead as PDCP SN length is 12 bits for SRB.

	NTT DOCOMO
	No
	No use case.

	ZTE
	No
	The D/C field is not needed.

	Panasonic
	No
	PDCP data PDU format will different even if we use D/C field. The difference is that there is no MAC-I field at the end of the data.


	Samsung
	No
	The D/C field is not required for SRB. 

	KT
	No
	We don’t think the D/C field is needed for SRB.

	CATT
	No
	We don’t see a need for it.

	Lenovo/MotM
	No
	We don’t see a use case for it 

	vivo
	No
	No use cased observed so far.

	OPPO
	Yes/no
	We don't have strong view on this.



Summary of Question 1: 
Yes: 2
No: 11
Yes/No: 3
P field
As seen in the LTE PDCP PDU formats above, P field is only used for the PDCP data PDU format for DRBs using an 18 bit SN, and is applicable to LWA status report only. 
Question 2: Whether the P field is needed in NR PDCP PDU formats for DRBs in Rel-15?
	Companies are invited to provide views below for Question 2

	Companies
	Answer (Yes/No)
	Comments if any (if the answer is Yes, it is appreciated to give the purpose of the P field)

	LG
	Yes
	The P field is used for the transmitter to request a PDCP status report from the receiver, by which the transmitter can control the number of PDCP Data PDUs in-flight to avoid HFN desynchronization in the receiver.

	Nokia
	No
	P field was introduced for LWA. LWA will not be part of Rel-15 but something similar would probably be specified in the later releases. Therefore, we don’t see a need for P field in this release but the header should have enough R bits for future releases.

	Broadcom
	No
	Same argument as Nokia

	Qualcomm
	Yes
	Agree with LG. It is beneficial to allow polling for status report for all DRBs.

	Huawei, HiSilicon
	Yes
	For the case of two legs associated with one PDCP entity in DC/CA, the gNB can request the UE to report a status report, so that the gNB can control the flow rate delivered to the two legs based on the status report to avoid congestion.

	Ericsson
	No
	We are not convinced of the usefulness of the P field, i.e. polled PDCP status reporting, during continuous operation. The PDCP transmitter has sufficient information to avoid HFN desynch, e.g. based on RLC AM status reporting (in which case the PDCP status report would be redundant), as well as in RLC UM, where HFN desynch avoidance is solvable by implementation (e.g. based on HARQ observation). At exceptional link failures, PDCP status report is triggered as part of the RRC procedure handling mobility/RLF. Furthermore, it should be considered that together with the P-bit as introduced for LWA also a light-weight PDCP status report format was introduced (without bitmap), otherwise e.g. frequent polling would have led to a significant overhead.

	Intel
	Yes
	We think it is nice to have P field considering forward compatibility with LWA feature which could be introduced in a later release. 

	NTT DOCOMO
	No
	As in LTE, transmitter side can understand the status of PDCP Rx window due to RLC-ACK. We need to discuss use case and necessity of PDCP Polling from function level (not format).

	ZTE
	No
	The usage is not convinced enough.

	Panasonic
	Yes
	Agree with Huawei, In NR-LTE DC scenario, NR link may fluctuate for short time period due to high frequency. In this case P bit may helpful to control flow rate for NR link based on the status report to avoid congestion.

	Samsung
	No
	We agree to Nokia to some extent. For now, we don’t see the benefit of P field. 

	KT
	No
	Agree with DOCOMO, We need to discuss use case and necessity of PDCP Polling from function level.

	CATT
	Yes
	We also see the need to allow the PDCP receiver polling status reports at least in support of duplication in UM mode. Further usages are not precluded so we also agree with Intel regarding the forward compatibility.  

	Lenovo/MotM
	No
	Agree with Nokia

	vivo
	Yes
	This can be used for the split bearer configured with RLC UM mode, to avoid the HFN de-sync issue, as the NW does not know the exact SN(s) within the reordering window of PDCP for RLC UM mode.

	OPPO
	Yes
	Considering the agreement that split bearers supports RLC UM besides RLC AM, it’s beneficial to allow polling for status report for the UM case.



Summary of Question 2: 
Yes: 8
No: 8

Question 3: Whether the P field is needed in PDCP PDU formats for SRBs in Rel-15 NR?
	Companies are invited to provide views below for Question 3

	Companies
	Answer (Yes/No)
	Comments if any(if the answer is Yes, it is appreciated to give the purpose of the P field)

	LG
	Yes
	Similar to Q1, the P field is not essential for SRBs. However, in order to use a single PDCP Data PDU format regardless of RB type, we prefer to use the P field also for SRBs. 

	Nokia
	No
	See above answers.

	Broadcom
	No
	

	Qualcomm
	No
	

	Huawei, HiSilicon
	Yes/No
	No strong view. Let us see if companies have strong desire for a common design of DRB and SRB.

	Ericsson
	No
	P-field is used to request status reports from data PDUs for a specific DRB. Thus, introducing this in SRBs may not bring any value. What is the advantage from UE point of view? We think it is better to keep it as a reserved value.

	Intel
	Yes/No
	No strong view here.

	NTT DOCOMO
	No
	No use case.

	ZTE
	No
	No use case.

	Panasonic
	No
	

	Samsung 
	No
	

	KT
	No
	No use case

	CATT
	No
	We don’t think it is needed for SRBs

	Lenovo/MotM
	No
	No use case foreseen

	vivo
	No
	No use case

	OPPO
	No
	Let’s currently keep it as reserved value, if any benefits, we can then add the P field for SRB.



Summary of Question 3: 
Yes: 1
No: 13
Yes/No: 2

PDCP Control PDU format
The existing PDCP control PDU formats except ones for LWA are as below.
Figure 6.2.5.1 shows the format of the PDCP Control PDU carrying one interspersed ROHC feedback packet. This format is applicable for DRBs mapped on RLC AM or RLC UM.


Figure 6.2.5.1: PDCP Control PDU format for interspersed ROHC feedback packet
Figure 6.2.6.1 shows the format of the PDCP Control PDU carrying one PDCP status report when a 12 bit SN length is used, Figure 6.2.6.2 shows the format of the PDCP Control PDU carrying one PDCP status report when a 15 bit SN length is used, and Figure 6.2.6.3 shows the format of the PDCP Control PDU carrying one PDCP status report when an 18 bit SN length is used. This format is applicable for DRBs mapped on RLC AM.



Figure 6.2.6.1: PDCP Control PDU format for PDCP status report using a 12 bit SN



Figure 6.2.6.2: PDCP Control PDU format for PDCP status report using a 15 bit SN


Figure 6.2.6.3: PDCP Control PDU format for PDCP status report using an 18 bit SN

 D/C field 
It is assumed that PDCP control PDUs should be transmitted in radio bearers which are shared with PDCP data PDUs. Therefore, as in LTE, it can be assumed that the D/C field should be present in all NR PDCP control PDUs.
Question 4: Is it agreeable that the D/C field is present in all NR PDCP control PDUs as in LTE?
	Companies are invited to provide views below for Question 4

	Companies
	Answer (Yes/No)
	Comments if any

	LG
	Yes
	

	Nokia
	Yes
	It is required by design.

	Broadcom
	Yes
	

	Qualcomm
	Yes
	

	Huawei, HiSilicon
	Yes
	

	Ericsson
	Yes
	Yes, the LTE should be the baseline.

	Intel
	Yes
	Same as LTE.

	NTT DOCOMO
	Yes
	

	ZTE
	Yes
	

	Panasonic
	Yes
	

	Samsung 
	Yes
	

	KT
	Yes
	

	CATT
	Yes
	

	Lenovo/MotM
	Yes
	

	vivo
	Yes
	

	OPPO
	Yes
	



Summary of Question 4: 
Yes: 16
No:0

 PDU type field 
In LTE PDCP control PDU formats, the PDU type field is used as a discriminator of different control PDUs (e.g. status report or RoHC feedback). In NR, it is expected that multiple PDCP control PDU types will be introduced.
Question 5: Is it agreeable that the PDU type field (3 bits) is present in all NR PDCP control PDUs as in LTE?
	Companies are invited to provide views below for Question 5

	Companies
	Answer (Yes/No)
	Comments if any

	LG
	Yes/No
	We agree that PDU Type field should be present in all PDCP Control PDUs, but the length may need to be increased, e.g. 5 bits.

	Nokia
	Yes
	3 bits should be enough, in LTE so far two values have been used.

	Broadcom
	Yes
	

	Qualcomm
	Yes
	

	Huawei, HiSilicon
	Yes
	Regarding the size of the PDU type field, we share the view of Nokia and think 3 bits could be sufficient. In LTE, only 3 types of control PDUs have been defined until Rel-14. It has not been seen of a need of having more control PDU types than in LTE. 

	Ericsson
	Yes
	Agree that the PDU type field is needed but the length may need to be increased based on use cases.

	Intel
	Yes
	We also think that 3 bits are sufficient.

	NTT DOCOMO
	Yes
	

	ZTE
	Yes
	

	Panasonic
	Yes
	

	Samsung
	Yes
	3 bits could be enough as other companies described.

	KT
	Yes
	

	CATT
	Yes
	We also don’t see the need to extend the bitwidth.

	Lenovo/MotM
	Yes
	

	vivo
	Yes
	

	OPPO
	Yes
	Regarding the size of the PDU type field, currently, there are only already 3 values are used, we think the 3 bit is enough. If any reason to extend the size, it should be easy since R fields are available except 12 bit SN format.



Summary of Question 5: 
Yes:15
No: 0
Yes/No: 1

 Any need of PDCP SN for PDCP control PDUs 
RAN2 has agreed that PDCP PDUs can be delivered out of order from RLC to PDCP at the receiver side. It means that the PDCP layer could receive PDCP control PDUs including status report and RoHC feedback in a different order than the transmitter transmits. This may result in some potential problems as analyzed in [1]. 
There are two cases where duplicated PDCP control PDUs could be received by the PDCP entity. First, the PDCP duplicated transmission over two legs has been agreed in RAN2. Therefore, it seems that the receiver’s PDCP entity should be prepared to receive duplicated PDCP control PDUs from the RLC entities of the two legs. During RAN2#97bis, another issue has been discussed about duplicated reception of PDCP control PDUs in case of no RLC duplication detection in RLC UM [2].
Question 6: Is there a problem RAN2 should address for out-of-order reception or duplicated reception of PDCP control PDUs?
	Companies are invited to provide views below for Question 6

	Companies
	Answer (Yes/No)
	Comments if any

	LG
	No
	ROHC feedback is used for state transition (IR  FO  SO) or mode transition (U  O  R). Even if the ROHC feedback is received twice or received out-of-order, there is no problem in ROHC operation. 
Duplicate reception has no problem at all.
Out-of-order reception may cause temporary state or mode mismatch between compressor and decompressor, but it is normal behavior in ROHC.

PDCP status report is used to avoid redundant retransmission. The use of PDCP status report is limited to special case such as handover or SCG change. Thus, there would be no case that two PDCP status reports are transmitted in a short time interval, and there would be no case that two PDCP status reports are received out-of-order. Even if two PDCP status reports are received out-of-order, the FMS would be same, and there would be no problem.
Duplicated reception does not cause any problem at all.

	Nokia
	Yes/No
	ROHC spec assumes that all packets are received in order. Thus, in principle out of order reception of ROHC feedback packets could cause problems in some implementations whereas others may not have problems.
For PDCP status reports out of order reception should not be an issue.
Duplicate reception: unintentional duplicates should not be an issue, HARQ does not create duplicates even if ACK is misinterpreted as NACK.
However, when PDCP duplication feature is configured, from our point of view the C-PDUs could also be duplicated. In that case, RLC duplicate detection would not help and we would require an in-built mechanism in PDCP to handle the duplicates of C-PDU.

	Qualcomm
	Yes
	Agree with Nokia. There may be issue for out of order packet for ROHC feedback. No issues for other control PDUs.

	Huawei, HiSilicon
	Maybe yes
	For the PDCP status report, we agree with LG/Nokia/Qualcomm, it should be no problem if the receiver receives duplicated or out-of-order PDCP status report control PDUs.
For the ROHC feedback, seems RFC 4995 assumes in order delivery of ROHC packets in some cases at least for some profiles. As the ROHC feedbacks are used for update the compression state (IR, FO, SO) at the compressor, out-of-order delivery of ROHC feedbacks may affect the ROHC performance. But it could be difficult to evaluate how much ROHC performance would be hurt by out of order delivery of ROHC feedback in RAN2.

	Ericsson
	No
	Agree with the LG about the out-of-order ROCH feedback.  
We don’t agree with the conclusion in [1]. Currently we don’t see any problem here. ROCH feedback is always optional and insensitive to reordering. Feedback may be ignored if it arrives late, but that will not break compression.

	Intel
	No
	Agree with LG. So far, we don’t see any problems if PDCP control PDUs are received in duplicates or out-of-order.

	NTT DOCOMO
	Slightly Yes
	Agree with Nokia that ROHC assumes the packets including control packet are delivered in sequence. Also, we think that in general, it will be good to avoid out-of-order delivery of control PDU also for future proof. So, at least out of order should be taken care. For duplication, we assume RLC can handle it. 

	ZTE
	Yes
	According to the analysis given in [1], we think the in sequence delivery of ROHC feedback should be guaranteed.

	Panasonic
	Yes
	Agree with Nokia, Qualcomm and ZTE

	Samsung
	Yes/No
	Agree with Nokia. ROHC spec assumes in-sequence packets, which may need to be kept in order to prevent unpredictable problems. RAN2 need more discussion to evaluate the consequence of out-of-sequence ROHC feedbacks.

	KT
	Yes/No
	Agree with Nokia.

	CATT
	Yes
	We agree with Nokia and Qualcomm and believe that supporting duplication detection commonly for all PDCP control PDUs completely removes the need for duplication detection in RLC as well as allows duplicating PDCP control PDUs in the same way as PDCP data PDUs

	Lenovo/MotM
	Slightly Yes
	We agree with Nokia and others on the ROHC issue, even though as Samsung mentioned the expected consequences of out-of-sequence ROHC feedback deserve some more discussion

	vivo
	Yes/No
	If PDCP supports duplicated PDCP Control PDU, then the duplication detection in PDCP for C-PDU is probably needed.

	Xiaomi
	FFS
	For PDCP status report, it is clear that there will be no problem.
For ROHC feedback, We prefer to leave it to the relevant organization to make the dicision. According to RFC 4995, ROHC assumes in order delivery for ROHC packets in general. Our understanding is that this assumption is mainly for data packets, since out of order delivery can largely impact ROHC efficiency. For ROHC feedback, however, we think it is not clear how much it will be impacted if in-order-delivery is not guaranteed. Our understanding is that similar to RLC/PDCP feedback, ROHC feedback is also based on window, duplication will be discarded, out-of-order will have no harm. But we think RAN2 is not the right place to make the decision, it is better to send a LS to the relevant organization. 

	OPPO
	Yes
	We agree with Nokia that the out of order reception of ROHC feedback may cause problems. But for status report, it should be ok for the out of order reception.



Summary of Question 6: 
Yes (including Slightly yes/Maybe yes) : 8
No: 3
Yes/No: 4
FFS: 1

Question 7: Is there a need to add PDCP SN in PDCP control PDU formats to address the potential problems above?
	Companies are invited to provide views below for Question 7

	Companies
	Answer (Yes/No)
	Comments if any

	LG
	No
	

	Nokia
	Yes/No
	If problems can be identified, adding PDCP SN for PDCP C-PDUs could be the simplest solution to overcome those

	Qualcomm
	Yes
	There should be a separate SN space to address ROHC feedback issue.

	Huawei, HiSilicon
	Maybe yes
	As clarified above, it could be difficult to evaluate how much ROHC performance would be impacted by the out of order delivery of ROHC feedbacks in RAN2. We think that a safe way is to use PDCP SN in the PDCP control PDU for reordering of ROHC feedbacks.


	Ericsson
	No
	We do not agree there are issues w.r.t ROHC feedback and do not think a SN is needed.

	Intel
	No
	As for Q6, we don’t’ think SN is needed.

	NTT DOCOMO
	Slightly Yes
	Adding SN will be simple solution. 

	ZTE
	Yes
	According to the analysis given in [1], we think a PDCP SN should be added for the ROHC feedback control PDU. 

	Panasonic
	Yes
	SN is added to each PDCP control PDU for interspersed ROHC feedback.

	Samsung
	Yes/No
	RAN2 shall try to figure out a clear answer for Q6. 

	KT
	Yes/No
	

	CATT
	Yes
	We share the same view as Qualcomm

	Lenovo/MotM
	Yes
	If problem identified above is confirmed

	[bookmark: _GoBack]vivo
	Yes/No
	If duplication detection is needed for C-PDU, adding SN for C-PDU can be a simple solution.

	Xiaomi
	No/FFS
	For PDCP status report, SN is not needed
For ROHC, RAN2 is not the right place to make the decision whether there will be ROHC problem if SN is not included. We'd better wait for input from other organization.

	OPPO
	Yes
	Maybe for the case the duplication function is configured in PDCP, in this case, the duplication removal can’t handle the duplicated reception since there is no SN in the control PDU.



Summary of Question 7: 
Yes (including Slightly yes/Maybe yes) :8
No: 3
Yes/No: 4
No/FFS: 1


3 Email Discussion Results
Summary
Question 1: Whether the D/C field is needed in PDCP PDU formats for SRBs in NR?
For Question1, there is a clear majority who think that the D/C field is not needed in the PDCP PDU format for SRBs.

Question 2: Whether the P field is needed in NR PDCP PDU formats for DRBs in Rel-15?
For Question 2, companies’ views are equally divided (8 vs 8).  The proponents would like to use polling bit to trigger status report which can be used for address HFN de-sync issue and flow control. 

Question 3: Whether the P field is needed in PDCP PDU formats for SRBs in Rel-15 NR?
For Question 3, there is a clear majority who think the P field is not needed in the PDCP PDU format for SRBs.

Question 4: Is it agreeable that the D/C field is present in all NR PDCP control PDUs as in LTE?
For Question 4, all companies think that the D/C field should be present in all NR PDCP control PDUs.

Question 5: Is it agreeable that the PDU type field (3 bits) is present in all NR PDCP control PDUs as in LTE?
For Question 5, all companies think that the PDU type field should be present in all NR PDCP control PDUs, and clear majorities think that 3 bits is sufficient for this PDU type field.
Question 6: Is there a problem RAN2 should address for out-of-order reception or duplicated reception of PDCP control PDUs?
For question 6, although there is a majority who think that there is/could be a problem for the out-of-order reception or duplicated reception of PDCP control PDUs, there is still some details need to be discussed. For PDCP status report, seems clearly majority companies have not found an issue caused by out-of-order or duplicated reception. For RoHC feedback, majority companies think there could be an issue due to out-of-order reception, but more discussion in RAN2 is needed.

Question 7: Is there a need to add PDCP SN in PDCP control PDU formats to address the potential problems above?
For Question 7, the situation is similar to Question 6. Majority companies think SN could be needed for PDCP control PDUs especially for ROHC feedback, but the final decision should be made based on the conclusion of Question 6.

Recommendations
RAN2 is requested to agree the following proposals:
Proposal 1: the D/C field is not present in the PDCP data PDU format for SRB.
Proposal 2: the P field is not present in the PDCP data PDU format for SRB.
Proposal 3: the D/C field is present in the PDCP data PDU format for DRB.
Proposal 4: the D/C field is present in all PDCP control PDUs.
Proposal 5: the PDU type field is present in all PDCP control PDUs.
Proposal 5a: the PDU type field is 3 bits.

RAN2 is requested to further discuss the following issues:
Proposal 6: Discuss whether out-of-order/duplicated reception of ROHC feedback is an issue to be resolved to RAN2.
Proposal 7: Discuss whether out-of-order/duplicated reception of PDCP status report is an issue to be resolved in RAN2.
Proposal 8: If there is an issue identified for out-of-order/duplicated reception of PDCP control PDUs, RAN2 is requested to discuss whether the PDCP SN should be added in PDCP control PDUs to resolve the issue.
Proposal 9: RAN2 is requested to discuss whether the PDCP status report can be used for some new use cases including HFN de-sync and/or flow control.
Proposal 10: If the new use case for PDCP status report is agreed, RAN2 is requested to discuss whether the P field is used in PDCP data PDU format to trigger the UE to report PDCP status report.
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